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ANAEROBIC UPFLOW BATCH REACTOR 

BACKGROUND OF THE INVENTION 

The present application is directed to an anaerobic up?ow 
batch reactor for the removal of contaminants, especially 
organic contaminants, from waste water utilizing a process 
ing method wherein the waste water being treated ?ows in 
a plug ?ow con?guration from near the bottom of the reactor 
to near the top of the ?uid within the reactor. 

Historically, numerous systems have been developed by 
waste water engineers for the treatment of waste water to 
remove impurities therefrom. Such systems have included 
continuous ?ow type reactors as well as batch type reactors. 
Systems have also included aerobic, anaerobic and combi~ 
nations of aerobic and anaerobic treatments of the waste 
water. The present invention is directed to a modi?cation of 
anaerobic batch systems in order to produce special pro 
cessing characteristics within the system. 

In particular, up?ow batch reactor systems have been 
produced in the past for treating the waste water and an 
example of such a system is shown in the Dague US. Pat. 
No. 5,185,079. Batch reactors have certain advantages over 
continuous ?ow reactors in that the material to be treated can 
be positively maintained within the batch reactor until the 
process is complete whereas in continuous ?ow reactors 
there is a possibility of incomplete reaction before the waste 
water exits the process. 

The inventors of the present invention have found that 
careful control of certain parameters of a batch system 
substantially enhances the ability of the batch reactor to 
complete its task. In particular, they have discovered that, if 
the ?ow through the reactor can be maintained as a sub 
stantially true plug ?ow from near the bottom of the reactor 
to near the top of the liquid, a reaction gradient can be 
produced that has special advantages to the operation to the 
system. However, these advantages are mostly lost if ?ow in 
the reactor is not plug ?ow throughout. This is true even 
where the ?ow starts as plug ?ow, but does not raise 
substantially vertically through the reactor, such as where 
there is a side takeo? and a substantial amount of the ?ow 
is horizontal or diagonal relative to the reactor. 

In particular, if the concentration of the biomass and food 
substrate which feeds the biomass within the waste water 
can be carefully controlled to move through the reactor in a 
movement that is designed to pass from the bottom of the 
reactor to near the top of the liquid in a mostly vertical 
direction (that is the individual molecules have a mainly 
vertical vector associated therewith and without substantial 
mixing, the advantageous growth of particular types of 
biomass in particular areas of the reactor can be enhanced 
and the biomass that might otherwise be entrained with the 
fully treated liquid, as the liquid leaves the reactor, can be 
substantially reduced. 
The prior art up?ow anaerobic batch reactors of the type 

shown in the above noted Dague patent have failed to take 
advantage of such a system and, in particular, have typically 
withdrawn ?uid from the reactor from the side or otherwise 
unevenly such that movement through the reactor is not 
substantially up and down, but rather has a substantial 
sideways component. Withdrawal from the side, as in Dague 
and other prior art references, causes mixing which also 
defeats the goals of the process of the present application. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method and appa 
ratus for treatment of waste water to remove impurities, 
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2 
especially organic impurities, therefrom. In accordance with 
the invention waste water to be treated is ?owed upwardly 
from near the bottom of a reactor to near the top of the ?uid 
contained within the reactor while removing the ?uid from 
the top in a generally uniform manner that requires the ?uid 
to ?ow mostly upward rather than sideways, such that the 
waste water rises vertically throughout most of the process 
or in a plug ?ow fashion. That is, the waste water rises from 
near where it enters the reactor to near where it exits the 
reactor in a somewhat linear path rather than moving sub 
stantially sideways within the reactor and being withdrawn 
from the side of the reactor or being heavily mixed within 
the reactor. Obviously when speaking of ?uid there is going 
to be a certain amount of mixing at any one time and there 
is normally a minimal amount of sideways ?ow especially 
near the withdrawal and input ports, since the ports require 
some spacing, but it is desirable to maintain mixing and 
sideways ?ow at a relatively low level and to maintain it on 
a local rather than regional basis within the reactor. Prefer 
ably, the waste water enters the reactor at numerous sites or 
ports spaced across the bottom of the reactor in somewhat of 
a uniform pattern and exits the reactor through similar 
locations or ports near the top of the ?uid. 

The reactor is operated as an up?ow anaerobic reactor. As 
used herein the term anaerobic means that there is not a 
substantial amount of oxygen added to the ?uid within the 
reactor, as is done in aerobic type reactors. It is possible that 
a certain amount of dissolved oxygen, which enters the 
anaerobic reactor with the waste water or otherwise, may be 
found within the reactor, but the major difference in com 
parison to aerobic processes is that substantial quantities of 
oxygen are not added to the ?uid within the reactor. This 
enhances the growth of anaerobic type bacteria and other 
micro-organisms rather than aerobic type micro-organisms. 
The purpose of operating the reactor in a plug ?ow mode 

and anaerobic state is to produce a gradient of biomass 
within the reactor that is preferential to the treatment of the 
waste water and so as to prevent a substantial portion of the 
biomass from leaving the reactor with the waste water that 
has been treated therein. The biomass within the reactor is 
made up of joined micro-organisms and it is preferable in 
accordance with this invention to encourage growth of 
heavier and larger biomass groups that'have a tendency to 
remain near the bottom of the reactor or ?oat in lower levels 
of ?uid within the reactor, for example most ?oats and stays 
in the lower third of the ?uid layer. Preferably light and 
highly ?oatable types of biomass, which are normally small 
clumps of micro-organisms as compared to the remaining 
biomass and which would likely ?oat in the upper portion of 
the ?uid layer, for example in the upper third of the ?uid 
layer, are maintained at relatively low concentration 
throughout the reactor. 

OBJECTS AND ADVANTAGES OF THE 
INVENTION 

Therefore, the objects of the present invention are: to 
provide a waste water treatment process wherein waste 
water ?ows through a reactor in anaerobic conditions in a 
plug ?ow con?guration; to provide such a process encour 
aging a biomass growth that decomposes contaminates 
within the waste water in such a pattern that the heaviest 
biomass concentration is near the bottom of the reactor and 
very little biomass concentration is near the top of the 
reactor; to provide a system wherein the process promotes 
the growth of heavier and larger biomass concentrations that 
remain near the bottom of the reactor and discourages the 
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growth of lighter and smaller biomass concentrations that 
would tend to ?oat higher in the reactor; to provide such a 
process wherein a gradient of decomposable food stu?°s for 
the biomass or substrate is heaviest in the lower part of the 
reactor so as to encourage growth of suitable bacteria therein 
and lightest near the top of the ?uid within the reactor so as 
to discourage growth of biomass in the upper portion of the 
reactor; to provide such a process wherein waste water is 
distributed at multiple locations spaced across the lower end 
of the reactor and withdrawn from similar multiple spaced 
locations across a withdrawal decanter located near the top 
of the ?uid in the reactor so as to encourage waste water to 
rise relatively vertically through the reactor without sub 
stantial sideways movement and without substantial global 
mixing; to provide such a process for the recirculation of 
waste water from near the top of the ?uid within the reactor 
to near the bottom thereof; to provide such an anaerobic 
process in combination wi?r an aerobic waste water treat 
ment process, especially an aerobic sequencing batch reac 
tor, such that the anaerobic process functions to polish or 
further purify the waste water leaving the aerobic process; to 
provide an apparatus for use in conjunction with such a 
process; and to provide such a process an apparatus that are 
especially easy to operate, relatively inexpensive to produce 
and especially well suited for their intended usage. Other 
objects and advantages of this invention will become appar 
ent from the following description taken in conjunction with 
the accompanying drawings wherein are set forth, by way of 
illustration and example, certain embodiments of this inven 
tion. 

The drawings constitute a part of this speci?cation and 
include exemplary embodiments of the present invention 
and illustrate various objects and features thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational and schematical view of a 
process in accordance with the present invention utilizing an 
anaerobic and up?ow waste water treatment reactor. 

FIG. 2 is a cross sectional view of the reactor, taken along 
line 2——2 of FIG. 1. 

FIG. 3 is a cross sectional view of the reactor, taken along 
line 3—-3 of FIG. 1. 

FIG. 4 is a chart showing a typical substrate distribution 
pro?le in accordance with the present invention. 

FIG. 5 is a chart showing a typical easily setteable 
biomass pro?le in accordance with the present invention. 

FIG. 6 is a ?ow chart illustrating a modi?ed process 
according to the present invention including both aerobic 
and anaerobic process apparatus. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As required, detailed embodiments of the present inven 
tion are disclosed herein; however, it is to be understood that 
the disclosed embodiments are merely exemplary of the 
invention, which may be embodied in various forms. There 
fore, speci?c structural and functional details disclosed 
herein are not to be interpreted as limiting, but merely as a 
basis for the claims and as a representative basis for teaching 
one skilled in the art to variously employ the present 
invention in virtually any appropriately detailed structure. 
The reference numeral 1 generally designates an appara 

tus for treating waste water in accordance with the present 
invention. The apparatus 1 includes a vessel or tank 5, an 
in?uent system 6 and an ef?uent system 7. 
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4 
The tank 5 has a cylindrical sidewall 10, a bottom 11 and 

a top 12 so as to form an inclosure 13 for receiving ?uid 14 
therein. The tank top 12 is raised in the center and the 
interior ?ow connects with a vent pipe 17 for transferring 
gas away from the tank 5. 
The in?uent system 6 includes a conduit 20 joined at one 

end to a source of in?uent waste water and at the other end 
to a distribution manifold 21 within the tank 5. The distri 
bution manifold 21 includes a series of spaced concentric 
and circularly shaped pipes 23 having spaced apertures 24 
?ow opening to the interior thereof and located along the top 
thereof. Each of the pipes 23 is ?ow connected interiorly and 
?ow connected to liquid within the tank 5 through the 
apertures 24. The pipes 23 are also ?ow connected to a 
conduit 26 forming the remainder of the distribution mani~ 
fold 21 which in turn ?ow connects with the conduit 20 such 
that in?uent can be distributed from the conduit 20 through 
the distribution manifold 21 and ?ow from the apertures 24 
within the tank 5. Because of the spacing of the pipes 23 and 
the apertures 24, ?uid is preferably dispersed in a generally 
uniform upward ?owing pattern over the entire lower end of 
the tank 5. In particular, the pipes 23 are located close to the 
tank bottom 11 such that the in?uent ?ows into the tank 5 
near the bottom 11 thereof. ' 

The e?luent system 7 includes a collection manifold 30 a 
pump 31 and a discharge conduit 32. The collection mani 
fold 30 includes a series of pipes 34 which are essentially a 
mirror image of the pipes 23 of the distribution manifold 21. 
In particular, the pipes 34 are circular and arranged concen» 
trically relative to one another with approximate equal 
spacing therebetween. Each of the pipes 34 include a series 
of evenly spaced apertures 35 thereabout. The apertures 35 
face downward and toward the apertures 24 and are aligned 
so as to encourage the ?ow of water vertically between two 
opposed apertures 24 and 35 without substantial mixing 
within the tank 5. Although some mixing must occur in such 
a process, it is preferable to keep such mixing to a minimum 
in accordance with the invention. 

The collection manifold 30 includes a series of ?oats 37 
which are attached to the collection manifold 30 so as to 
allow it to freely ?oat within liquid or ?uid 14 within the 
tank 5. In particular, the ?oats 37 ?oat at the surface 38 of 
the liquid 14 within the tank 5 and maintain the collection 
manifold 30 at a ?xed spacing from the surface 38. Prefer~ 
ably the pipes 34 are spaced anywhere from several inches 
to eighteen inches from the surface 38 so as to discourage 
the entranement of scum ?oating on the surface 38 into the 
apertures 35. The collection manifold 30 also includes a 
joining conduit 39 that ?ow connects with each of the pipes 
34 and in turn with each of the apertures 35 so that liquid 
within the tank 5 can ?ow into the conduit 39. Attached to 
the conduit 39 is a ?exible conduit 41 which ?ow connects 
with a pivotable conduit 42. The pivotable conduit 42 is 
connected to the side of the tank 5 by a hinge 43 which 
allows the entire collection manifold 30 from the pivotable 
conduit 42 to the ?oats 37 to move vertically within the tank 
5 so as to allow the pipes 34 to remain in a ?xed position 
relative to the liquid surface 38 as the liquid surface 38 
moves vertically within the tank 5. Centering struts or the 
like (not shown) may be utilized to keep the collection 
manifold 30 centered when needed. 

The pivot conduit 42 is ?ow connected to a conduit 45 
which in turn is connected to the pump 31. The pump 31 
discharges through a valve 46 into the discharge conduit 32. 
In this manner ?uid can be pumped from the interior of the 
tank 5 through the apertures 35, through the pump 31 and out 
the discharge conduit 32 when the valve 46 is open. The 
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?uid pumped from the discharge conduit 32 is treated waste 
water and is transferred to storage, discharged to a stream or 
otherwise disposed of. The conduit 45 also connects with the 
in?uent conduit 20 through a valve 48. When the valve 48 
is open, the valve 46 is closed and the pump 31 is operating, 
liquid within the tank 5 can be recirculated from near the top 
of the tank 5 through the apertures 35 to near the lower end 
of the tank 5 through apertures 24. 

Connected to the tank bottom 11 is a sludge discharge 
conduit 50 which is ?ow connected to a storage location for 
receiving excess sludge (not shown) under control of a valve 
51. In this manner excess sludge can be removed from the 
tank 5 and disposed to storage or other treatment. 

Although the apparatus 1 may be utilized by itself in the 
treatment of waste water, it can also be utilized with other 
facilities. One such example would be to polish or further 
clean the water by destroying remaining organic materials 
contained within the waste water after the waste water has 
been treated by another type of waste water treatment 
facility. Shown in FIG. 6 is such an installation where waste 
water to be treated as represented by the block 55 is 
transferred to an anaerobic treatment apparatus, such as has 
been previously described, 1 and then to an aerobic appa 
ratus represented by the block 56. Such an aerobic apparatus 
may be a sequencing batch reactor or another type of waste 
water treatment apparatus. The waste water after being 
treated in the aerobic treatment apparatus 56 is then trans 
ferred to disposal represented by the block 57. A suitable 
aerobic treatment apparatus of the type required for the 
present invention is known to those skilled in the art and has 
previously been described. For example, US. Pat. No. 
5,021,161 to Calltharp et al discloses such an aerobic 
process which is incorporated herein by reference. 

In use the apparatus 1 is essentially an up?ow, anaerobic, 
plug ?ow type system or process wherein waste water ?ows 
from near the bottom of the tank 5 to near the top thereof in 
a generally vertical ?ow pattern. While distribution cannot 
be made on such a minute scale and although all possible 
disruptions of ?ow cannot be eliminated to such an extent 
that there is no mixing within the ?uid being treated within 
the tank 5, it is preferable that as little horizontal mixing as 
possible occur while the waste water is ?owing into or being 
treated in the tank 5. 

Normally, the batch process utilizing the apparatus 1 will 
be initiated with a ?ll cycle at which time the collection 
manifold 30 is positioned at its lowest position within the 
tank 5. The lower most position of the collection manifold 
30 will somewhat depend upon the interface level where 
clari?ed water occurs within the tank at the end of the 
previous batch process. In particular, the waste water is 
treated within the tank by reaction of substrate, which 
includes organic materials to be decomposed by the process, 
with biomass within the tank 5. Initially, the biomass forms 
a blanket near the bottom of the tank 5 and is composed of 
micro-organisms, especially anaerobic bacteria. As waste 
water ?ows into the tank 5 through the apertures 35, the 
waste water ?ows upwardly through a portion of this bio 
mass such that the substrate within the waste water interacts 
with the biomass. The biomass is normally somewhat denser 
than the ?uid within the tank and, therefore sinks to near the 
bottom of the tank. As the waste water entering the tank 5 
?ows through the biomass, a portion of the biomass rises 
with the ?uid. This biomass that raises with the ?uid has a 
tendency to rise to different levels within the tank 5 depend 
ing upon the type of biomass encountered. 

In particular, relatively heavy and larger clumps of bio 
mass are typically formed of certain types of bacteria and 
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6 
protein linkages which tend to stay nearer to the bottom of 
the tank then to the top. On the other hand there are 
relatively light micro-organism clumps which have a ten~ 
dency to be easily ?oated and will be more likely to be found 
in the upper portion of the tank 5 during- treatment. In 
accordance with the present invention it is preferable to 
encourage the growth of the heavier or denser micro~ 
organism clumps that are more likely to be found near the 
bottom of the tank and which are more easily settled and to 
discourage the growth of the lighter and easily ?oatable 
micro-organism clumps of biomass that are likely to rise 
within the tank 5. Preferred substrate and biomass pro?les 
are shown in FIGS. 4 and 5. 

A major reason for preferring to have the larger portion of 
the biomass near the bottom of the tank 5 is that the biomass 
then settles quickly at the end of treatment during a settling 
cycle so that a substantial period of time is not required to 
settle the biomass. Furthermore, if there is little biomass 
within the upper region of the tank 5 at the time treatment 
is stopped, often decanting or removal of the treated waste 
water from near the top of the tank 5 can be initiated through 
the collection conduit 30 prior to complete settlement of the 
biomass in the lower regions of the tank 5. This substantially 
reduces the cycle time on each batch treatment by the 
apparatus 1. 

Consequently, during a complete treatment cycle, the 
waste water coming in to the apparatus 1 is ?owed through 
the apertures 24 into the tank 5 near the bottom 11 thereof 
and rises in substantially a plug ?ow pattern upwardly 
through the tank. Plug ?ow without substantial mixing is 
highly preferred in the present invention as this prevents 
short cutting or incomplete decomposition of impurities in 
the waste water within the system. That is, if certain portions 
of the ?uid ?ow sideways or at an angle with respect to 
verticle, ?uid with a high percentage of substrate may 
inappropriately mix with ?uid having a low percentage of 
substrate so that there is not a uniform pattern of substrate 
within the ?uid at diiferent vertical levels within the ?uid in 
the tank 5. 

In accordance with the invention it is highly preferred that 
the largest concentrations of substrate or food for the bio~ 
mass be located in the levels of ?uid that are closest to the 
entry of the ?uid into the tank, that is at the apertures 24. 
This is seen in FIG. 4 which is a chart showing a preferred 
concentration of substrate over the height of the liquid layer 
between the distribution manifold 21 and the collection 
manifold 30. The purpose of increasing the amount of 
substrate at the lower end of the liquid 14 within the tank 5 
is to encourage the growth of biomass near the lower end of 
the ?uid 14 and to discourage the growth of the light 
biomass near the upper end thereof. In this manner likewise 
the denser and more enlarged clumps of biomass are encour 
aged to grow and the lighter and smaller clumps of biomass 
are discouraged from growth. The chart shown in FIG. 5 
illustrates the biomass pro?le over the height of the tank 5. 
Consequently, it is preferred to have the heaviest substrate 
and heaviest biomass near the lower end of the tank and the 
lightest biomass and lightest substrate concentration near the 
upper end of the liquid. 

During treatment, liquid may be withdrawn from near the 
upper end of the ?ush level 14 through the collection 
manifold 30 and through the pump 31 so as to be distributed 
back into the distribution manifold with the valve 48 open 
and the valve 46 closed. In this manner ?uid 14 that needs 
somewhat further treatment can be recycled in the same 
manner as discussed for incoming ?uid so as to likewise 
encourage the biomass growth discussed above. In general 
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?uid ?ow in, ?uid ?ow out and combined ?uid ?ow in and 
out to produce recycle are all plug ?ows. 

It is possible to operate the process utilizing the apparatus 
1 at psychrophilic temperatures, mesophilic temperatures, or 
thermophilic temperatures. If the system is operated in the 
mesophilic or thermophilic temperature ranges, normally 
some type of heating mechanism must be utilized to provide 
heat to the liquid within the reactor or tank 5. This can be 
accomplished by providing exchange of heat between in?u 
ent and e?luent in a heat exchanger and heating the recycling 
?uid by a heat exchanger (not shown) located external to the 
tank or by within the tank 5. 

It is to be understood that while certain forms of the 
present invention have been illustrated and described herein, 
it is not to be limited to the speci?c forms or arrangement of 
parts described and shown. 
What is claimed and desired to be secured by Letters 

Patent is as follows: 
1. A method of operating a batch ?ow anaerobic waste 

water treatment reactor comprising the steps of: 

a) ?owing waste water containing substrate to be treated 
into a substantially anaerobic reactor containing an 
active biomass until a preselected batch volume is 
present in the reactor; 

b) ?owing the wastewater including the substrate into the 
reactor near a bottom thereof during ?lling of the 
reactor; 

c) thereafter ?owing the wastewater including the sub 
strate upwardly through the reactor while returning 
wastewater from a top of the reactor to near a bottom 

thereof without the addition of substantial wastewater 
to the reactor once said batch volume is obtained; 

d) controlling the ?ow pattern and velocity of the waste 
water so that ?ow through the reactor is substantially 
plug ?ow from near the bottom of the reactor to near 
the top of a wastewater level therein so as to minimize 
horizontal movement and mixing of the wastewater 
within the reactor and so as to have a relatively higher 
concentration of substrate within the wastewater near 
the bottom of the reactor and a relatively lower con 
centration of substrate near the top of the reactor to 
selectively enhance the growth of relatively heavy 
biomass near the bottom of the reactor and to selec~ 
tively inhibit the growth of relatively light biomass near 
the top of the reactor; and 

e) subsequent to treatment in the reactor, ?owing a 
substantial portion of treated wastewater from the reac 
tor. 

2. The method according to claim 1 including the steps of: 
a) recycling withdrawn wastewater from near the top of 

the reactor to near the bottom of the reactor until 
substantially all substrate within the wastewater is 
utilized by the biomass within the reactor; and 

b) thereafter stopping the recycling and allowing the 
heavier biomass to settle to near the bottom of the 
reactor 

e) thereafter decanting an upper portion of the wastewater 
substantially free of substrate and heavier biomass from 
the reactor. 

3. The method according to claim 1 including the step of: 
a) subsequent to ?owing the wastewater into the anaero 

bic reactor, treating the wastewater in an aerobic 
sequencing batch reactor. 
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4. The method according to claim 1 including the steps of: 
a) distributing wastewater into said reactor through a 

distribution manifold and withdrawing wastewater 
from said reactor through a collection manifold; and 

b) providing said distribution manifold and said collection 
manifold with a plurality of apertures generally evenly 
spaced across a horizontal cross section of said reactor 
such that wastewater ?ows generally vertically without 
substantial horizontal mixing through the reactor in 
plug ?ow. 

5. An anaerobic wastewater treatment reactor apparatus 
comprising: 

a) an enclosed vessel having a top and a bottom; 
b) inlet piping ?ow connected to an interior of said vessel 

through a distribution manifold; said distribution mani 
fold located near the bottom of the vessel; 

0) outlet piping ?ow connected to the interior of said 
vessel through a collection manifold; 

d) said collection manifold including ?oats so as to be 
supportable by said ?oats near an upper surface of 
liquid within said reactor and said outlet piping being 
?exible so as to allow the collection manifold to raise 
and fall within the reactor with a liquid level therein; 
and 

e) said distribution manifold and said collection manifold 
each including a pipe manifold which extends horizon 
tally over a substantial portion of a crossection of said 
vessel; each of said pipe manifolds including a plurality 
of spaced apertures to allow ?ow of wastewater from 
and into respectively the manifolds such that wastewa 
ter entering the vessel near the bottom thereof ?ows 
upward through the reactor in plug ?ow and with 
minimal horizontal mixing. 

6. The apparatus according to claim 5 including: 
a) a pumping mechanism ?ow connected to said distri 

bution manifold and said collection manifold with 
valving to control ?ow therethrough to allow selective 
recycle of wastewater from the collection manifold to 
the distribution manifold. 

7. The apparatus according to claim 5 including: 
a) an aerobic sequencing batch reactor ?ow connected to 

said anaerobic reactor and ?ow located such that waste 
water enters said aerobic reactor subsequent to entering 
said anaerobic reactor. 

8. The apparatus according to claim 5 wherein each of 
said piping manifolds comprises: 

a) a series of interconnected and horizontally spaced rings 
with said apertures being located in said rings such that 
the apertures in said distribution ring face the apertures 
in said collection ring. 

9. In a waste water treating anaerobic reactor; the 
improvement comprising: 

a) a wastewater distributing manifold having a plurality of 
horizontally spaced outlets and being located near a 
bottom of said reactor; and 

b) a wastewater collecting manifold having a plurality of 
horizontally spaced inlets and including ?oats for ?oat 
ing the collecting manifold near an upper level of 
wastewater within the reactor such that when waste 
water enters the reactor through the distribution mani 
fold, the wastewater ?ows in plug ?ow into the reactor 
and when the wastewater exits the reactor, the waste 
water ?ows in plug ?ow to the collection manifold. 

* * * * * 


